Abstract-The objectives of this research are (i) to develop a model for managing staff assignments in an institution that organizes various events of training; and (ii) to propose a method for determining an optimal policy for the staff assignments. Two preliminary results are obtained. First, an analytical approach is employed to formulate the problem, which resulted in a multiperiod model of assignment problem. Second, a heuristic method is proposed to obtain a near-optimum solution for the problem formulated. This research is expected to contribute in providing a tool for managing operations in an educational organization.
I. INTRODUCTION
An important factor in managing an organization is prescribing efficient operation policies for the organization to survive in the current competition. This also applies in educational institutions that often organize several events of short courses or training education. In a typical educational organization's planning horizon, personnel must be assigned to staff positions in several training events. The organization must prescribe an acceptable assignment policy for personnel such that the budget can be minimized and the personnel can be fairly assigned to support their career.
Staff assignment has attracted many researchers for years. For the problem addressed here, it is formulated as a multidimensional assignment problem as stated in [1] or it can also be formulated as a multiperiod assignment problem [3] and [4] . The application of this problem category spans many areas of staff assignments, such as in medical staffing [4] and [5] , in scheduling law enforcement agency to elections [6] , and in assigning airline customer service agent [7] .
Optimal solution to the problem of multiperiod assignment is considered computationally intractable since it is categorized as an NP-hard complexity [1] and [2] . Optimal solution methods to such a problem have been sought by several researchers, such as provided by [11] , [10] , [9] , and [8] . Efficient heuristics are then sought by many as alternative approach for tackling large instances of the problems. Most of the heuristics are usually developed for rather specific subclass of problems. This research propose an alternative heuristic approach for a specific staff assignments problems that arise in educational organizations that hold multiple training events. Personnel of the organization are assigned to one or more staff position of a training event. Further detail of the problem addressed here will be described in the following section.
II. PROBLEM DESCRIPTION
Consider an organization holds several training events, or simply refer to as events for the sake of brevity. The events are scheduled in a planning horizon. In each event, a number of person are assigned to staff positions as the committee to organize it. The staffs are taken from a pool of personnel in the organization. The problem is to assign personnel into the events based on a criterion of optimality. To describe the problem, we provide the following case.
Consider K number of events will be held in a planning horizon, say, a year. There are L staffs position in an event for which personnel must be assigned into in order to comprise an organizing committee of the event. For the case given in the current description assume that all events are identical in the number of staffs. The relaxation of this assumption will be addressed later in this paper. The staffs are taken from a pool of N personnel. Thus, in the given planning horizon there will be M = KL number of staff assignments. The following situation is given: (i) each assignee can be placed in any position of the committee; (ii) each assignee receives an amount of reward; (iii) the incurred cost of an event is the sum of total reward given to the assignee; and, (iv) the budget limit of the incurred cost is relaxed. The objective is to find a set of assignments of personnel so as to minimize the total budget subject to the following constraints. Note that the total budget is the sum of costs of all events in the planning horizon.
A. Constraints
Let us state the following constraint of the problem: (a) each assignee can only be placed in exactly one position of the committee; (b) in each staff position of the committee must be placed an assignee; (c) everyone in the pool of personnel has 'almost equal' number of assignments on events in the planning horizon. It is said 'almost equal' since M/N, or the average number of assignments a person can have, may not end up in a whole number.
B. Problem Formulation and Notation
Prior to formulating the problem, we present the following notation:
x ijk = decision variable of person i assigned on j-th staff position of the committee of an event k. The value x ij = 1 if assigned or x ij = 0 otherwise. a ij = reward given to person i assigned on j-th staff position of an event committee. b i = total reward given to person i.
Hence, the assignment problem is formulated as follows. Find x ij so as to
where
The first constraint (2) assures a person cannot be assigned to more than one staff position in each event. The second constraint (3) assures that each staff position in an event must be assigned a person on it, i.e., a blank staff position is not allowed. The constraints (4) and (5) assure every person has 'almost equal' number of assignments on events in the planning horizon. The last constraint (6) assures the decision variable takes binary value.
The problem presented in (1) -(6) above can be categorized as a special case to a Generalized Assignment Problem. Specifically, it is of the three-dimensional assignment problem, in which the problem is of an NP-Hard complexity. A solution to the problem using a generalized optimal approach, such as Branch and Bound can be computationally intractable. Therefore, a more efficient heruistic algorithm approach is sought in this research in order to obtain an acceptable solution within reasonable time.
III. SOLUTION APPROACH
In general, the algorithm proposed here, referred to as Algorithm A, comprises of two main steps, setup phase and iteration phase. We will describe the method using an illustrative example. In the setup phase, a matrix is employed to streamline the description of the iterative algorithm.
Algorithm A:
1. Setup Phase: Set up a matrix of the size N rows  (KL + K + 1) columns. Entries of the matrix are grouped by events, as shown in Fig. 1 . The initial values of the x ijk 's are zero. Every entry in the right column at each group of event k are the number of assignment of a person in the corresponding event, referred to as the subtotal column S ik . The initial value of the entries in this column should also be 0 (zero). The final column, rereferred to as ST i , is the sum of the subtotal S i1 , …, S iK of the corresponding row i.
Iteration Phase:
a. For each event k i. Select person i in the event k that corresponds with the smallest value of ST i to be assigned to the position of staff (column) j that has not had anyone being assigned into. If there are more than one choices of person i to be assigned to choices of position j to be assigned, choose the one with the corresponding smallest cost a ij in which the corresponding entries of the matrix are not given cross mark. Set the value of the corresponding decision variable x ijk ← 1. Put cross marks on the entries of the other rows of the corresponding column j.
ii. Set the value of S ik ← 1 and put cross marks on the entries of the other columns of staff assignments of the same row i within the group event k. Update the value of ST i of the corresponding row i by adding
iii. If the value of ST i from the previous step (i.e., 2a.iii) fits the constraints (4) and (5), that is,
then cross the entries of the other columns of the same row i for all staff assignments of all event k. Thus, the corresponding person i cannot be assigned again into the remaining events. Else, go the next step. 
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A. Computational complexity In the problem addressed here, there are N personnel to be assigned into M number of assignments. From the Algorithm A described previously, it can be computed that the computational complexity is of the order O(M×N). Therefore, the problem if of polynomial complexity.
The following instance of problem will provide an illustration of the application of the algorithm described above. We keep the problem size small for brevity of the illustration.
B. Solution for assignment of personnel to events
Consider a plan for assigning 4 (four) personnel into 4 (four) events, in which for each event there are three staff positions, with the cost matrix given in Fig. 2 . The dimension of the cost matrix for every event is 4 by 3, in which there are four of them of the identical size.
The initial matrix resulted from the Setup Phase of the Algorithm A is provided in Fig. 3 . The dimension of the matrix is, therefore 4 by 17. The entries of the matrix are zeros.
Here, we have K = 4, L = 3, M = 12, N = 4, and each person will be assigned to M/N = 3 staff positions on 4 events. We start the first iteration process from Event 1, although it is not prevented to start from any other events. We choose to set x 121 ← 1 since the corresponding a 121 = 1 is among the lowest cost available in the corresponding event. Hence, we put cross marks on column 2 of the remaining rows within the Event 1, set S 1,1 ← 1, put cross marks on the remaining columns of row 1 within Event 1, and update the value of ST 1 ← ST 1 +1. At this point ST 1 = 1, in which the constraints (4) and (5) Going through all the iteration steps to obtain staff assignment in the given four events in planning horizon, we can obtain the result in the matrix given in Fig. 6 . 
IV. DISCUSSIONS
The proposed problem formulation implicitly assumes that the number of staff positions are identical for all events in the planning horizon. This is due to our intention to provide a rather succinct presentation of our proposed approach. Without loss of generality, however, our formulation can be applied on cases where the number of staff assignments are not necessarily identical for all events. In the latter cases, M is simply equal to the sum of all number of assignments of all the events. Consequently, the cost formulation in (1) and the constraint (3) shall be adapted into
and
respectively. In the updated formulation given above, the size of assignment in each event is denoted by L k , for k =1, …, K. In the assignment matrix, the size of staff matrices follows the number of staff positions L k in every event in the planning horizon. The proposed solution approach goven on this research can be applied accordingly without any modification of the steps of iteration.
V. CONCLUDING REMARKS
In this paper a problem formulation of staff assignment on events of training in a planning horizon has been provided. An efficient solution methodology that uses heuristic approach has been proposed. The method determines the assignment of personnel into staff positions. The proposed solution method
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provides a practical approach for managers in solving typical personnel assignment. The model developed is limited to assuming a rule of distributing assignments uniformly among personnel of an organization. Further research may be directed on more general situation where various number of assignment are prescribed in an organization policy. In order to enrich the applicability of the research, a given budget constraint can be incorporated into the problem formulation.
